(they may only believe it is necessary to report serious errors). Observation has been used to detect medication administration errors in studies in hospitals and nursing homes for more than 40 years. 
Objectives
The primary objective of this study was to describe the nature and frequency of dispensing errors in prescription filling operations, differentiating among three different types of pharmacies (chain, independent, and health system) in six large cities in the United States. In addition, a comprehensive list of error prevention techniques used in pharmacies was constructed. Factors in pharmacy work systems and the work environment associated with errors were explored, and these are the subject of a separate report. 40 
Methods Study Design and Study Units
In this descriptive study we assessed dispensing errors detected during 1 day of observation of prescription filling in 50 pharmacies in 6 large cities. The unit of analysis was a filled prescription, new or refill, processed on the day of the study. Each medication ordered on one prescription form was considered a separate prescription (e.g., if five medications were ordered on one form, five prescriptions were counted). The goal was to observe and evaluate 100 prescriptions for errors in the order in which they were filled by the pharmacy staff while the observer was present.
This study was deemed exempt from review by the Auburn University Institutional Review Board.
Definitions
For new prescriptions, a dispensing error was defined as a discrepancy between the prescriber's interpretable written order and the filled prescription (including written modifications made by the pharmacist pursuant to contact with the prescriber or in compliance with pharmacy policy). For refill prescriptions, an error was defined as any deviation between the contents of the filled prescription and the contents described on the pharmacy-generated prescription label.
Will call prescriptions had been filled previously and were waiting to be picked up by the patient or his or her representative. (As discussed later in this article, the accuracy of these prescriptions provided a measure of any impact of the observer because they were filled at a time when the observer was not present.) Errors on will call prescriptions were defined in the same way as refill prescriptions.
Error categories, defined in detail in Appendix 1, were wrong drug, wrong strength, wrong dosage form (correct drug), wrong quantity, wrong prescription label information (excluding instructions), wrong label instructions, omission, wrong time, and deteriorated drug. 
Sample Selection and Recruitment
Six large metropolitan statistical areas were selected as representative locations for pharmacy practice in the United States based on consultation with organizational leaders from the American Pharmaceutical Association, the National Community Pharmacists Association, and the National Association of Chain Drug Stores. The cities were (population rank in 2000 is noted in parentheses): Chicago (3), Dallas-Fort Worth (9), Los Angeles (2), Philadelphia (6), Seattle (13) , and Tampa-St. PetersburgClearwater (21). 41 All four U.S Census Bureau regions were represented (Midwest, Northeast, South, and West). Nine pharmacies were randomly selected in each city from the 1998 Phone Search USA version 5.0, Delorme (Yarmouth, Maine), along with five backup pharmacies for each of the original nine. If an initially contacted pharmacy declined the invitation to participate, the next backup pharmacy was contacted until a total of 50 pharmacies agreed. Pharmacies in Chicago were identified by using Netscape Yellow Pages (http://yp.netscape.com) because of a large discrepancy in the numbers of pharmacies identified by the two sources. The goal was to have 50% of the pharmacies in the chain store category (which included food stores and mass merchandisers), 25% in the independent pharmacy category, and 25% in the health-system category (outpatient pharmacy, clinic, or managed care pharmacy). These percentages approximate the relative prescription volume filled by each type of pharmacy. 10 Letters of invitation to participate sent to the managers of independent and health-system pharmacies produced no responses. Therefore, in five of the cities, a local area coordinator was recruited from the faculty of a pharmacy school in or near the city to assist with pharmacy recruitment on a personal, one-to-one basis. In Dallas-Fort Worth, we engaged the pharmacies directly by telephone and fax because no local coordinator was needed. The pharmacy managers were offered a $500 honorarium in return for their participation. A combination of personal visits, faxes, and telephone requests was used successfully to complete the recruitment process.
Chain pharmacy recruitment involved an additional step before pharmacies were contacted: identifying the appropriate manager at the chain's headquarters (vice president level, typically) to obtain permission to contact pharmacy managers at pharmacies that had been selected at random. The pharmacy managers at the store level were then given the opportunity to accept or decline participation.
Data Collection Techniques
Direct, undisguised observation was used to inspect prescriptions as they were filled or after they were filled. 4, 6, 42 The observer recorded data when doing so would be least intrusive without delaying the provision of the prescription to waiting patients. To minimize their effects on the pharmacy staff, the observers were specially trained to be unobtrusive and nonjudgmental. The observers were licensed pharmacists with experience checking prescriptions in busy pharmacies. In addition, each pharmacist observer had a PhD degree in a pharmacy-related field that included research methods training. One of the coprincipal investigators (EAF) refined the observation method and other data collection techniques, conducted all but 8 observation days, and trained the other two pharmacist observers, evaluating their competency during practice observations at a study pharmacy. As the staff filled prescriptions, the observer recorded the drug name, strength, form, type of packaging, source of drug, label instructions, type of prescription (new, refill, or renewal), and time of filling. Information recorded was tailored to each site and was sufficient to allow a determination of whether an error had occurred. The information on the prescription or label was compared with the information used to fill the prescription-the drug product and strength could usually be verified against the stock bottle; if the stock bottle was unavailable, the tablet/capsule imprint code was recorded.
Correction of Errors
If a difference between the contents of a filled prescription container and the prescription order or label was observed at the time that the pharmacy staff was finished processing the prescription, but before it was dispensed to the patient, the observer alerted the pharmacist. This gave the pharmacist the opportunity to explain why there was a difference or to confirm the error and correct it. Interventions to correct errors were performed tactfully and in a low-key, nonthreatening manner so as not to embarrass any pharmacy staff or alert patients to a problem. Labels for new prescriptions were sometimes evaluated after the observation period when it was not possible to assess them during the filling process (copies of the labels were sometimes attached to the back of the original prescriptions or could be reviewed in the computer system). Label errors were brought to the attention of the pharmacist to enable him or her to correct the discrepancy, which sometimes required contacting the patient if the prescription had already been picked up.
Will Call Prescription Evaluation
Will call prescriptions were checked by comparing the contents of the prescription container with the pharmacy-generated label; drug, strength, dosage form, and quantity were assessed. Wrong label errors were not evaluated for will call or refill prescriptions because of the additional time that would have been required to retrieve the original prescription order from the pharmacy's files.
Clinical Importance of Errors
Clinically important errors were those judged to have the potential for causing patient harm or discomfort and a high likelihood of causing such harm. A panel of four practicing pharmacists evaluated and discussed each error detected, assigned a score of 1 (important) to 5 (not important) for patient harm potential as well as a score of 1 (very likely) to 5 (very unlikely) for the likelihood of patient harm actually occurring. The scores were assigned based on consensus of the panelists and added together (importance plus likelihood). An error with a score of 6 or less was deemed clinically important.
Effect of Observer
A post hoc analysis of the accuracy rate on will call prescriptions was used to check for an effect of two of the three observers on the accuracy rate. Because will call prescriptions were filled when the observer was not present, a significant difference between the accuracy rate for prescriptions filled while the observer was conducting the study and those filled just before the study and present in the will call area might indicate that the observer influenced the accuracy rate. The post hoc analysis of will call prescriptions was added to the study design to check for an effect of the observer, starting with the 12th pharmacy in the study and performed where possible. Will call items were checked in 28 of the remaining 38 pharmacies because of time constraints at some sites. Therefore, the results of the comparison between will call accuracy rates and prescriptions filled on the study day are limited to the 28 pharmacies with data for will call prescriptions and for two of the three observers. Will call prescriptions were studied at 62% of chain pharmacies, 40% of independent pharmacies, and 67% of health-system pharmacies.
For this comparison, the accuracy rate for prescriptions filled during the study day excluded wrong label information and wrong label instruction errors because these types of errors were not assessed on will call prescriptions. Ideally, the prescriptions in the will call area would have been filled by the same people who filled the prescriptions on the study day. However, this direct comparison was not possible, and, consequently, the accuracy rates were calculated as a measure of the entire prescription filling system without regard for who filled the prescriptions.
Process Deviations
Corrections to prescriptions made by pharmacy staff during the filling process were recorded as process deviations (sometimes referred to as "near errors" or "near misses") and were interpreted as an indicator of the system's ability to prevent errors. For example, if the wrong drug or strength was retrieved from a shelf, but the error was corrected before the filling process was completed, a process deviation was noted with details about how the discrepancy was detected. The stage of the prescription filling process during which each deviation occurred was noted. A summary of the relative frequency of noted deviations was developed to help identify areas for process improvement.
Statistical Hypotheses and Tests
Two separate one-way analyses of variance were used to test the following hypotheses: ■ Accuracy rates for chain, independent, and health-system pharmacies were not different. ■ Accuracy rates in the six study cities were not different.
The possible effect of the observer on the observed pharmacy staff was assessed using a t test for related measures, 43 error rates on prescriptions filled during the study day (new and refill) were compared with will call error rates (excluding label-related errors for all prescriptions). We hypothesized that a lack of difference between the error rates would indicate the absence of a significant effect of the observer on the dependent variable, error rates.
The accuracy rates detected by each observer were compared as an indicator of interobserver reliability using analysis of variance.
The α level for all statistical tests was preset at .05. The data analysis tools in Microsoft Excel 97 (Microsoft; Redmond, Wash.) were employed for the analyses.
Results
Data were collected in the 50 pharmacies that agreed to participate over a 10-month period between July 2000 and April 2001. Corporate executives from one chain pharmacy declined to participate. Among the chains that accepted, 12 individual pharmacies declined participation in the study. Sixty independent or healthsystem pharmacies declined the invitation to participate as one of the 30 observation sites available for these types of pharmacies. An additional 30 randomly selected independent and health-system pharmacies were excluded because they were no longer in Of the observed prescriptions, 52% (2,335) were filled in 26 chain pharmacies, 31% (1,370) were filled in 15 independent pharmacies, and 17% (776) were filled in 9 health-system pharmacies. Observers were not able to interpret 1 prescription of the 1,962 new prescriptions evaluated (0.05%). This prescription was excluded from the study, making the total new prescriptions equal to 1,961. This is comparable with a previously identified uninterpretable rate in a hospital and nursing home study of 0.2%. 13 
Accuracy Rates and Error Types
The overall dispensing accuracy rate was 98.3% (77 errors among 4,481 prescriptions; range, 87.2%-100%; 95% confidence interval, ± 0.4%). Accuracy rates for all 50 pharmacies are displayed in Figure 1 . Table 1 is a summary of accuracy rates by pharmacy type and prescription type. There was no significant difference in accuracy rates between the pharmacy types (F 2,47 = 0.259, P = .773). Uncategorized prescriptions were not identified as new or refill by the observer. This information was either not determinable during the observation or not collected by the observer (due to the fast pace of some operations, for example). The accuracy rates for uncategorized prescriptions was 99.6% (840 correct out of 843 prescriptions). Accuracy rates for all pharmacies combined in each of the six cities are displayed in Table 2 (no significant differences detected; F (5,44) = 0.801, P = .555). The dispensing accuracy rate for new prescriptions was 96.8%, or 63 of 1,961 (all characteristics of the filled prescription were checked).
The frequency of errors detected on new prescriptions is shown in Figure 2 . Label instruction errors occurred most frequently. Refill prescriptions had a 99.3% accuracy rate (11 errors among 1,677 prescriptions). Error types for refill and uncategorized prescriptions are also shown in Figure 2 . Examples of each type of error detected are provided in Table 3 .
Clinical Importance of Errors
Of the 77 errors detected, 5 (6.5%) were judged to be potentially clinically important, and these are described in Table 4 . This represents 0.1% of the 4,481 prescriptions evaluated in this study.
Potential Sources of Error
During the study, 74 process deviations were recorded. Examples of the deviations are shown in Table 5 . Note that all process deviations were corrected and may or may not have resulted in negative outcomes or errors. One instance involved a pharmacist who, working alone because the technician scheduled for that work period was ill, retrieved rofecoxib (Vioxx-Merck) and tamoxifen, counted rofecoxib, was interrupted by a telephone call, returned to the counter and saw the label for the rofecoxib on top, and counted another vial of rofecoxib. The first rofecoxib vial was labeled with the rofecoxib label, while the second was labeled with the tamoxifen label. The pharmacist caught the error during inspection by opening each vial and comparing the contents to what the label said should be in the vial.
Where did the detected errors originate? Figure 3 presents the percentage of process deviations and actual errors occurring at each stage of the prescription filling process. The task being performed when a process deviation occurred was used as the basis for identifying a possible point of origin for errors. The task most often associated with actual dispensing errors (errors that were not caught by the pharmacy staff) was the inspection process. Inspection missed 76 actual errors and caught 74 process deviations. The remaining actual error was a screening error. Figure 4 elaborates on the effectiveness of the inspection process, comparing errors caught by inspection with errors missed based on the task during which the error probably originated.
Error-Prevention Techniques and Technology Loopholes
A list of 20 error prevention techniques used in one or more of the participating pharmacies is provided in Table 6 . Observers recorded information about some of the methods indicating that the systems were not always effective. For example, the prescription check-off system-in which seven label characteristics are compared with the original prescription-failed to catch a wrong label instruction (label read "three times daily" instead of "four times daily"). A loophole in a bar code checking system was described by an observer at one of these sites as follows: When a clerk scanned the receipt's bar code at the cash register in preparation to dispense a prescription, an error message told the clerk that a pharmacist had not yet verified the prescription; the clerk took the bag and receipt to the pharmacist verification area, scanned the bar code on the receipt and then entered the National Drug Code number for the drug from the receipt (instead of the drug stock bottle used to fill the prescription), thus bypassing the safety system.
Observer Evaluation
Was there an effect of the observer on the pharmacy staff? A t test for related measures found no significant difference between the error rates for prescriptions filled (or refilled) on the observation day and will call prescriptions filled before the study day (t = 0.252, df = 27, P = .803) when no observer was present. Fourteen errors were detected on 1,299 will call prescriptions checked at 28 study pharmacies by 2 observers. Content errors (drug and strength) were compared for the two groups of prescriptions (wrong label information and wrong label instruction errors were excluded from this analysis because the accuracy of the label was not evaluated for will call prescriptions). The ability of observers to collect adequate data was also evaluated. Observers missed or did not record adequate data to evaluate the accuracy of 5 of 5,790 (0.1%) filled prescriptions reviewed. This is in addition to the one prescription that was deemed uninterpretable.
There was no significant difference among the accuracy rates detected by the three pharmacist researchers (F 2,47 = 1.108, P = .339). One pharmacist observed in 42 pharmacies, while the other two pharmacists completed observations in 4 pharmacies each.
Table 6. Error Prevention Techniques Observed in One or More Study Pharmacies
Work procedures enhancing organization, simplification Work on one patient's prescriptions at a time, and keep the prescriptions in a bin to separate from other patients' prescriptions Return drug stock bottles to shelves immediately after filling the prescription to avoid overcrowding on work counter Use a bin system for drug stock bottle up above filling counter: one bin for drug stock bottles to be filled, second bin for those in process, then put in third bin after filling Circle number of tablets in a bottle if different from 100 to avoid dispensing incorrect quantity Manage interruptions-tell patient, "I'll be right with you"-and then finish work before helping patient Put drug stock bottle on counter upside down after filling to prevent mixups 
Discussion
Four errors occur each day in pharmacies filling 250 prescriptions per day. This finding is comparable with results of some previous observational studies that used comparable error definitions, [4] [5] [6] but lower than others that identified error rates of 6% and 10%. 3, 7 We believe that the two pharmacies involved in the 6% and 10% error rate studies may have had higher error rates because they were conducting research as a result of suspected error problems.
The finding that there was not a significant difference in accuracy rates between cities may indicate that our results are representative of a national dispensing accuracy rate and can be generalized to pharmacies willing to participate in such studies.
Wrong label information and instructions were the most common types of errors. Importantly, this indicates that errors in the computer order entry process used to create the label occur most frequently. These types of errors must not be ignored by pharmacists who might tend to focus on the less frequent, but often more dangerous, wrong drug errors (the target of bar code checking).
Figures 3 and 4 reveal that inspection is the weakest part of the prescription fulfillment process. Efforts to improve accuracy should focus on helping pharmacists perform inspections more accurately. The ability to keep the original prescription (or an electronic representation of it) with the product and label throughout the filling process is important; one study used the original prescription during the counseling and double-check processes and found that this helped detect errors. 45 Lighting levels of 146 footcandles, 4 elimination or minimization of interruptions and distractions, 46 and addressing noise issues 47 can also help improve pharmacists' inspection accuracy.
Implications for Practice
The typical pharmacist fills about 13,000 prescriptions annually, according to Consumer Reports. 47 Assuming a 40-hour work week with time off for vacations and holidays and 220 workdays during which those 13,000 prescriptions are filled, pharmacists have a workload of about 60 prescriptions per day. Hypothetically, if those 60 prescriptions are all new, the error rate detected in this study for new prescriptions (3.2%) suggests that, every day, the typical pharmacist fills two new prescriptions incorrectly, in one or more ways. These two daily errors most often involve giving the wrong instructions for use but may also include dispensing the wrong drug, wrong strength, or wrong quantity (such that the patient may run out of medication or have extra doses).
To the patient, this means that the chances of receiving an incorrectly filled new prescription are about 1 in 30. The chances are 1 in 1,000 that a patient will receive a prescription with a potentially clinically important error. Grasha "estimate[s] that for every 1 million prescriptions filled, only about 30 will contain a clinically significant mistake that goes unnoticed by the pharmacist or patient" (1 in 33,000 ratio). 48 However, the method of error detection used by Grasha in his research, which was cited in Consumer Reports, was not clear. The errors detected in our study using direct observation indicate that 1,115 potentially important errors occur in every 1 million prescriptions, producing an estimate of 3.3 million potentially important errors among the 3 billion prescriptions filled annually in the United States. 10 Clinically important errors were defined as those having the potential to lead to patient harm or discomfort. True clinical importance on a case-by-case basis has never been studied because it is so difficult to evaluate-follow-up by a medical team would be needed for each ambulatory patient for the initial fill and all refills of each prescription or medication order. A central problem is that safe therapy for one patient may be dangerous for another, depending upon the patient's illness and physical condition. We believe that all prescriptions-and, therefore, all problemsshould be considered to be clinically important because the medications were important enough for the physician to order and for the pharmacy to charge the patient (even placebos, though none were observed in the present study). However, researchers in hospitals have attempted to go further and distinguish a "potentially more dangerous class" of error based on the pharmacologic category of the medication involved. 21, 38 For such purposes, we provide information about errors involving all of these more dangerous drugs so that readers can make their own judgments about the errors detected in this study (see Table 4 ).
Limitations
Pharmacists who agreed to have their pharmacies participate in this study may have been more likely to do so because they believed they did not have an error problem-the results may, therefore, overestimate the national accuracy rate. The accuracy of labels was not verified for refill and will call prescriptions, and our results for those types of prescriptions likely overestimate the true dispensing accuracy rate.
The effect of the observer on the observed is always a concern in studies of this type. However, evidence comparing study day prescription accuracy with accuracy of prescriptions filled before the observer's arrival suggests that the observers did not affect the accuracy rates. (Note that this comparison did not include the third observer, but because the accuracy rates detected by the observers did not differ significantly, lack of effect of the third observer is suggested.)
Conclusion
Dispensing errors are a problem on a national level, at a rate of 4 errors per day in a pharmacy filling 250 prescriptions daily. The rate of errors on new prescriptions (3.2%) is less than the only comparable standard of 5% set by the federal government for the nursing home industry. 11 Based on these findings, an estimated 51.5 million errors occur during the filling of 3 billion prescriptions each year. This figure includes 3.3 million errors of potential clinical importance.
